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BY NOPSIS. 

In the Great Plains States the relation between the annual precipi- 
tation and the number of head of stock that can be gazed per square 
mile can be fairly well eatallished, the possible number decreasing 
with fair uniformity from eaRt to west with the decreasing annual 
rainfall. The number ,gazed in Oklahoma and Texas is close to 50 
per square mile where the rainfall is between 35 and 35 inches and 
about 40 where the rainfall hj from 15 to 25 inches. 

In the Great Plains States north of Oklahoma where feeding i! nec- 
eseery during the wintertime and where the rate of evaporahon 1s lese 
in the summer months, the grazing rate averapa close to 20 where the 
rainfall is between 10 and 15 inches, nearly 40 where it is from 15 to 
20 inchee, and nearly 80 where it is 20 to 25 inches. The ratio rises at  
a faster rate with healier rainfall. 
In all the Rock?. Mountain rtggon it becomes more difficult to estab- 

lish a ratio between the annual precipitation and rate of grazing 
because of seasonal distribution of precipitation, temperature varia- 
tions, the topography, soil, eva oration, snow cover, nature of the 
vegetation, and dfferences in d e  length of the azing period. .In 
the central and upper Rockies the grazing rate is sGhtly greater mlth 
small rainfall amounta than farther east because of the shorter grazing 
period, but lees than in the Great Plains with heavier precipitation 
because of,the relatively lees gazing areas in the higher mountains 
where the greatest precipitation occurs. 

In a study of the climatic control of Australian pro- 
duction the following statement appears: 

As regards the three commodities under discu~ion (wheat. cat,tle. 
.and sheep), the chief control+ undoubtedly that of rainfall. This 
affects.absoli:tely the distribuhon of wheat and not.ably that of cattle 
and sheep. However, although it is true that no cattle or sheep are 
found in the desert portion of Anstrtllia. yet the flocks and herds range 
from regions with GO-inch rainfa.11 to thoee with 6 inches. implying a 
considerable range of adaptability on the part of the animals concerned. 
Yet aa re rds the more important sheep and cattle districts, t,he rain- 
fall will shown to define fairly accurately thoee areas where the 
pastoral indi etry seems to floundi best. Moreover, the Rame iRo1iyet.s 
do not affect sheep and cattle equally. end this is another point. which 
will be demonstrated in the maps. 

The temperature factor is very important in two of the industries. 
While catt!e are almost u1)iqi:itom and thrive even i n  the fsr north 
and far west. the hot coimtry-r, more exactly. tho ticipical wge- 
tqtion-does not appear to suit Pheep eo well he do the conditions in 
the cooler and drier regions to the soiith. The northern limits of t.he 
wheat belta are undoubtedly controlled by the inrrease in temperstme. 

In Australia, while lar e numbers of cattle are grazed 

a year. Dr. Taylor states that in western Australia the 

20 to 40 inches should have over 10 to the square mile. 

The sheep occupy the warm inland drier belt and the 
cattle the wetter coastal re ions. The optimum district 

in Queensland where it is 15 to 20 inches. In Queens- 
land where the rainfall is between 10 and 30 inches? 100 

where the avera e annu 3 rainfall is between 10 and 20 
inches, the best % istrict has a rainfall of 20 to 40 inches 

districts having a rainfall of 9 to 12 inches should 
4 cattle to the square mile, while those with a 

only 2 to 3 should be grazed where the 

for sheep, is where the rain P all is 20 to 30 inches, escept 

1 The cllmatlc m t m l  of Australiah Production, Grlmth Taylor, Bulletin 11, Com- 
monwealth Bureau of Metfmology, Melbourne, Australla. 
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sheep to the square mile are grazed. In south Australia 
the 7-inch isohyet divides the districts of more than 10 
and less than 10 shee to the square mile. 

rainfall is betwoen 30 and 30 inches, 250 sheep are grazed 
to the s uare mile: where i t  is between 10 and 20 inches 

mile on an average. In  Victoria the optimum sheep 
district is where t,he rainfall is between 20 and 30 inches, 
while the 15-inch isohyet is the western limit of 100 to 
the square mile. In Tasmania the principal sheep grazing 
re ions ha-re an averawe rainfall of 20 to 30 inches. 

f t  is well'linown inkurope that 1 acre of really good 
pasture land will support a cow, although in eneral it is 

where more than 4 acres is necessary to.support one cow 
the pasture should he devoted t.0 sheep. 

In the lhitecl Stat.es, t.he stock capacity of pastures 
and ranges depends not only u on the annual precipita- 

evaporation, snow cover, and the length of the grazing 
period, the last three depending largely upon the tem- 
perature.* 

On the irrigated lands of the Northwest the stock- 
capacity of 1 acre of well-established Bsture 

in 
ot,her live stock, under favorable conditions and with 
proper cam2 This is at the rate of 1.280 per section or 
square mile, hut it, is under irrigation in well-established' 
pasture that has been given the best of care. 

In the bluegrnss region of central and eastern Ken- 
tucky am1 adjoining districts, 32 of the best nsture 

or an average of 3.2 acres per head, equivalent to 200 per 
square mile. These were t4he best pastures and do. not 
include steep wooclecl mountains or rocky The 
average annual rainfall in this region is from 40 to over 
50 inches, and the wint,ers are niilcl enough to allow for 
grazing most of the yenr. 

On the bluegrass pastures in the eastern third of 
Kansas, where the average annual precipitation is be- 
tween 30 and 40 inches, t,he practice is to aJlow about 
4 acres to each steer, or at  the rate of 160 steers to a 
square mile. In the western third of the State, where 
the precipitatioii averages from 16 to 20 inches, the wual 
allowance is 10 acres to the steer, or 64 to the section. 
Tn the central third of t.he State, where the rainfall is 
between 20 nnd 30 inches, the usual pasture lands graze 
between these two extremes of stock. Considerable 
roughage is fed in dry seasons and in the winter time. 

In  New Sout.11 Wa P es, west of the divide, where the 

100, an 1 where under 10 inches only 40 to the square 

customary to allow -? acr.es. It is considere f there that 

tion but on its seasonal distri t ution, as well as on the 

should caqinf e not less than 2 cows, or their equivaent s 

fields? totaling 4,33i acres, grazed 1,328 head o P cattle, 

- -. _- - _ _  . . - . .  
*The topography, soil, and nature of the vegetation must also be taken Into 

account. 

Bulletin issued Julv 2(i 1916. 

culture, Bulletin No. 397, Sept. 20, 1910. 

IrrigJtcd pasture3 for northern reclamation projects, Bureau of Plant Industry; 
a The Grazing Inilusiry of the Bluegrass Region, United States Department of A@- 
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In  extreme eastern Nebraska, where the annual rain- 
fall averages from 26 to 33 inches, from 426 to 640 cattle 
are grazed per section. In the central part of the 
southern border counties of Nebraska, where the run- 
fall varies from 25 to 20 inches from east to west, the 
number of acres required for each steer varies froni 2.5 
to 6, or from 256 to 107 can be grazed per sciiare mile, 

rainfall. 
In the Sand Hill region of central Nebraska, where the 

rainfall is from 18 to 22 inches a year, only from 13 to.50 
head of cattle are grazed on a square mile of grazmg 
land. In  the national forest 'region of the Sand Hill 
district of western Nebraska the .average head per s c p r e  
mile of grazing land is 50. 

The conditions in Nehrmka indicate that rainfnll is not 
the only factor in determining the grazing capacity of the 
land, but that the character of the soil and the t,empt?ra.- 
ture are both im ortant. 

No. .2 of the Forest Service), where the grazing areit is 
about 73 per cent of the total, 30 head are. grazed to the 
square mile on the actual grazing land. The nnnual 
ramfall in most of this region is between 15 and. 20 inches. 
This agrees well With the relation in other sectlons o:f the 
State, except that there is a muell larger number of 
stock in proportion to the rainfzi.11. in the area, of Jackson, 
Haakon, Lyman, and Stanley C!ounties in the central- 
southwest ortion, probably due to the better shipping 
facilities. R general, in that state, where the annual 

recipitation is between 15 and 20 inches, the stock runs 
getween 20 and 30 to the square mile. 

azing period in the national forest area in 

In  that part of western North Dakota west of the oi!e 
hundredth meridian, where the annual precipltation 1s 
between 15 and 18 inches, the average number of acres 
for a 2-year-old steer or colt is 10, or 64 to the square 
mile. This varies from 43 to 128, depeiidilig upon the 
location. 

In the Panhandle district of Texas, inc.luding 35 COUII- 
.ties with a total area of 1,050 square miles, the average 
area required for each steer is 20 acres. This is at the 
rate of 32 per square mile. Soil conditiolis and cultiva- 
tion reduce the fair to good grazing ground about, one- 
third, thus making the actual grazing y d  support 
close to 48 cattle to the s uare mile. he rainfall in 
this region is close to 20 inc, ll es, and nearly 70 per cent 
of the annual precipitation is received from .April. to 
September, inclusive. The evaporation 111 thls regloll 
from a water surface is close to 45 inches a year, thus 
making the ca ing capacity less than farther north, 

From infomation obtainable in Oklahoma, it appears 
that for year-round pasturing on native sod 15 to 20 
acres aregrequired er head of cattle or horses and 2 

southwestern Oklahoma 12 to 15 acres are required per 
head of cattle or horses and 13 to 3 acres per head of 
shee or goats. 

l%s is a t  the rate of 32 to 43 head of cattle per square 
mile where the rainfall varies between 15 and 25 inches 
and from 43 to 53 head where the rainfall is froiii 25 to 
35 inches. Native pastures are grazed throughout the 

ear in this State, with more or less feeding from Decem- 
ger to March, depending upon the inc,leniency of the 
weather and the character of the preceding growing 
seaaon. 

the number per section decremlng westwarc t with the 

In the nationa Y forest areat in South Dakota (District 

South The f +eta is about 63 months. 

where the rainfal 7 is the same. 

to 2.5 acres er hea cp of sheep or goats on the range lands 
of the nort % western counties. On the range lands of 

or more of good feed. 
In thc? central and lower Rocky Mountain States the 

stock graze a t  hi her elevation in the summertime and 
are driven to the K ower plains and plateaus in the winter. 
Close grazing during a season may reduce the carrying 
capacity about two-thirds. 

About three-eighths of the g a z i n z  lands of New 
Mesico receive an average annu rail all of from 10 to 
15 inches, another three-eighths receive from 15 to 20 
inches, while about one-eighth have over 20 inches and, an 
equal amount less than 10 inches. Cattle are most 
numerous in the areas receiving from 15 to 20 inches 
and sheep are quite as numerous in the district,s where 
the annual precipitation averages less than 15 inches. 

The higher dist,ricts, with preci itation of 15 to 20 
inclies or more, are rincipall u se l  for sunmier ranges, 
and stock are move 2 out a t  t x e approach of winter. 

Over the lains and lower plateau districts where the 
annual rain P all averages 10 to 15 inches, some 30 to 40 
acres are allowed for each head of cattle, horses, or mules, 
while 6 to S acres are allowed each head of sheep or goats. 
At higher altitudes, where the precipitation averages 
15 to 20 inches, the allowance is 20 to 30 acres per head 
of cattle and 4 t,o 6 per head of sheep. 

This is equal to 16 to 31 head of large stock per s uare 
mile with 10 to 15 inches of rainfall and 21 to 33 7l ead 
where the rainfall averages 15 to 20 inches. These 
figures are only a rosimate, however, as the seasons 
are so variable. R t h  a dry year such as occurred in 
1917 and 1915, even 50 to 100 acres niay not afford 
sufficient feed for one head of large stock, and a t  the 
lower elevations whole sections niay be so barren that 
they can not, be grazed at  all. 

In the Pecos Valley, in southeastern New Mexico, where 
the average rainfall is not over 15 inches, it is estimated 
that 12 head of cattle can he grazed square nlile if 
the rainfall is norniall distributed; t, at  is, about half 
of the total annual fa J coming during the three summer 
months. In years with only 50 per cent of the normal 
precipitation the grazing ca acity will be reduced nearly 

grazing in the Pecos V&ey: 
one-half. The followin ba \ le gives a fair estimate of 

Rainfall. 

~ 

Cattle 
per 

I- - 

.......................................................... ........................................... Normal, 15 inches. 
-50 par cent or normal, 7.5 inches.. 
-7 ta per cent of norinal 11 2 inches.. 

150 per cent of normal, 22.5 inches.. ......................................... 
10 .......................................... 

12.5 per cent of norma\, iS.S inches.. :_ ........................................ 
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Annual rainlall. 

Less than 5 inches.. ................ 
I to 10 inches.. ..................... 
in to 15 inches.. .................... 
15 to 20 IllClIar.. 
20 to  25 inches.. .................... .................... 

In  this region the above figures are also applicable to 
any month from April to Norember, inclusive : the 
number of cattle grazed in any month heiiig clepe~iclent~ 
upon the reci itatioii of the preceding niont,li. For 
esaniple wgile &ere was more than tlie normal rainfall 
in 1916, two-thirds of the total fell in August. The 
grazing was very poor up to August but was excellent 
after that month. 

Studies of grazing crtpacity, on the Jornada R n y p  
Reserve in southern New Mesico led to tlie conclusion 
that the grama grrtss rang(! will support one cow on SU 
to 30 acres, depending upon the acrea.ge of poorer range 
ty es which occur within the grass t.?-pe.' 

hiese figures are computecl 0 1 2  a yetwlon I>ti.sis, l i t  
with the understanding that the number o Y stock will 
be reduced to about one-half the yearly average during 
the season from July to October. The annual rninfitll 
in this region is close to 8 inches. 

There are two well-defined rainy se:tsoiis .in Arizona, 
one in winter snd the ot,her in suninier. It) follows, 
therefore, that there are two well-cst~nhlishetl growing 
seasons, escept at the high altitudes, nbovr nhout 4,5(J0 
feet, where the winters are so cool as to prevent growth. 
At the lower altitudes a eriocl of dry weather usu?llg 
occurs in April, May an K part of June, during u-hich 
time growth ceases and the sprili annuals dry u . 
the differences in soil, esposure, .and albit.de, all reault.ing 
in a variety of vegetation, makes it, clificult t o  estnbliah 
a ratio between the rainfall and the stock graziw in this 
State. The drier meas often sup ort a. variety oP~-,rowse 

tation afford more succulent types of forage which do not 
stand periods of drought. 

In general, however, the following table presents t.he 
relation between rainfall and cattle grazing in t.liis Stat.e. 

The seasonal distribution of %e scanty rain P d l ,  and 

that has a hi h susta.ining power P or stock during periods 
of drought, w 5 ile the higher raiiges with a greater precipi- 

I f'at.tle 
~ c r e s  required per steer. I per 

I square 
, mil*. 

... I 
Will not support stork.. ............. .I 
From 150 Bcrm near &!-inch isohyet tu : 
40 acres near 1Mnch isohyet.. ....... 

40 to 32 ................................ 
32. 
30. .................................... 

0 

4 t o  11; 
lti to 20 .................................... 

The territory with an average nnnualp ip i tn t ion  01 
20 inches or more is nearly all within the ationnl Fore&. 
The carrying capacit in this region is about 30 acres to 

tion it may be as low as 80 acres. Horses rec uire a little 

ex tent upon forage grasses, a greater area is necessary. 
Before the dry period of 1891-1394 more than double 

the safe carrying ca acity of the ranges was being grazed 

and the geheral shortage of feed and water, 2.5 per cent 
to 50 er cent of the stock died during 1S91-1891 in 

each cow or steer, a P though in the most farorable loca- 

different type of range, and since they clepenc t to n larger 

over a large part o P this State. With this over-grazing 

many P o~at ions.~ 

tion is often scant; 60 to 75 acres should be n f lowed for 
At the lower altitudes in Arizona where fora e prochic- . 

each animal, and in addition some provision should be 
made for a supplp of feed to assist in carrying stock 
through the occasional severe drouglih. The writer of 
Bulletin No. 65 states further that on rather closely grazed 

1 lncreaced Cattle Production on southwestern Ranges, United Ststes Department 

5 The C;IW& Ranges of horn, Arimna Experiment Station, Bulletin No. a, 1910. 
of Agriculture Bulletm 589 1917. 

bunch- rms ranges, 25 to 30 acres are necessary for each 

these rimges. Where possible, it  has been found advanta- 
eous to graze stock on the lower winter ranges from 

f'ebruar to ,June, and on the higher bunch-grasa ranges 

Good grass foothill pastures of the Santa Rita Range 
Reserve in southern Afizona have furnished,an average of 
3G5 cow-days' feed annually over a period of years on an 
average of about 14 acres. Each year during the main 
growing season the nmnber of stock was reduced about.30 
per cent below the average for the year, to give vegetation 
a chance to grow. Otherwise grazing was yearlong. 
Utilization was closer t h n  can be expected on open 
ranges. 

In Utah the suninier grazing ranges are a t  the higher 
elevntions n.nd the period covered in July, August, and 
Septemhy. Tlie winter snowfall in these sununer-range 
districts is froin 50 to 7.5 inches or more and has an irn- 
portnnt hearing on the aniount of spring ancl early sum- 
mer feed. Tlie snow enables the stock, especially sheep, 
to feed away from running water, hence where the snow- 
fall is norniallg small a larger acrenge for each head must 
be provided for safety. Eor these reasons the summer- 
gr.iizing clistiicts carry man? more stock to the square 
mile with the scime anntial rainfall, in this State and to the 
northward, tlinn in the States farther south, and more than 
the winter ranges in this Stnte. 

There is an area in Rich ancl Cache Counties where there 
is a good range tliitt requires only 5 acres to the steer 
during the three summer months, although the average 
annual rainfall is between 15 ancl 20 inches on1 . Other 
re ions farther south with about the same rainfa s 1, require 

mer months. In  Piute and western Wayne Counties 
where the n.nnual rainfall is less than 10 inches, and the 
snowfall is not so great i t  requires from 2 to 2.5 acres for 
each liead of sheep. It is estimated in this State that a 
steer or hoise requires about seven times as much territor 

upon tlie character of the ve etation. The secretary of 
the National Wocl Growem' I3 sociation says that about 
700 pounds of sheep consume about as much feed as 840 
pounds of steer. 

If the acreage required for sheep is translated to cattle 
at  n ratio of 1 to 7, we find that tlie summer ranges in 
t h h  will support from 46 to 73 cattle per square mile 
during the three mentalis, where the annual precipitation 
is from 15 to 30 inches or over; from 36 to 46 in parts of 
the area that receive from 10 inches or slightly less to 15 
inches. In  tlie winter range districts, based on the same 
ratio, a square nlile will support from 7 to 10 cattle where 
the annual precipitation is from 5 to 10 inches, and 16 
where i t  is between 10 nnd 15 inches. I n  some sections 
of tlie Stnte the figures given above are for actual graz 
lnncl which may not be more than one-fourth of the tota 
in the territory. 

I n  the National Forest areas, particularly in Colorado 
and Wyoniin , there is suc.h a variation in the quality and 
quantity of t 7 ie fora.ge, as well as in the seasons and the 
(lis tribution of the precipitti.tion throughout the sensons, 
that n closely drawn ratio between rainfall and the num- 
ber of head of stock possible per unit of area is subject to 
serious question. 

Where. lands are fenced and the number of stock on 
particular areas definitely controlled there ma be a 
closer correlation possible. For esaniple, in fincoln 

head o P stock, and 15 to 30 acres on the better class of 

during t 1 e remainder of the year. 

on 7 y from 1 to 2 acres for ench liead of sheep for the sum- 

a.s one sheep, although this ratio is variable and depen 2 

Y 

6 Range Wmapemcnt of the National Porests, United States Department of Agrid- 
ture, Bulletin 790,1919. 
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County in eastern Colorado, it is considered that a section 
of grama grass land will carry about 50 head of cattle for 
about 7 months in the avera e season. 

average head of stock per square mile of grazing land, in 
terms of cattle, is 47. Tke average grazing season for 
cattle and horses is 6 months and the average sheep season 
is about 3 months. The ratio between sheep and cattle 
is 5 to 1. The area of National Forests in Colorado is 
14,988,190 acres and about 60 per cent is grazing land. 
The grazing stock consists of’ 421,015 cattle and horses 
and 1,177,190 sheep and goats. The annual precipita- 
tion is from 20 to 30 inches in the higher mountains in 
Colorado and from 15 to 20 inches in the foothills of the 

In the National Forest lan % s in Colorado, however, the 

forest reservations. 
The National Forest lands in District No. 2 in Wyoming 

cover some 4,019,305 acres, 63 per cent of which is grazing 
land. The average head of stock on the grazing land, in 
terms of cattle, per s uare mile is 45. The average annual 
rainfall over these c? istricts varies from 15 to 25 inches, 
with a mean of close to 20 inches. The averlige cattle and 
horse grazing season is about 6 months, and the average 
shee season is 3 months. Sheep are converted into 
cat& with the ratio of 5 to 1. 

In the Bighorn National Forest, which covers 1,136,200 
acres, 99 per cent of which is grazing land, the average 
head of stock per square mile, in terms of cattle, is 43. 
The average annual preci itation is from 18 to 22 inches. 

only about 34 per cent of, which is razing land. The 
annual preci itation is between 15 an d 25 inchcs, and the 
average catt r e per square mile of grazing land is 32. The 
Medicine Bow F0res.t of 511,382 acres, 34 per cent of 
which is grazing land, is credited with SO head of cattle 
per square mile of grazing land. The annual precipitation 
is from 15 to 20 inches. The Washakie Forest, of some- 
what smaller area, of which 76 per  cent is grazing land, 
carries 45 head of cattle per section of gr zing laud. The 

where the average annual precipitation is 15 to 20 inches, 
is allowed 58 er section. A considerable number of the 

rado part of the season, hence the acreage per head is not 
so representative as on. the other forests. The propor- 
tion of sheep to cattle is much greater in this area, also, 
than on the others mentioned above. 
The greater difference in the stock grazed, with nearly 

the same precipitation, in the different forest reserves in 
Wyoming illustrates the difficulty in establishing a work- 
able relation between the two factors. 

e a r e a  of land in southwestern Wyoming are 7 by Utah stockmen during the 4 months from 
g:a,ry to April, inclusive. It is considered that it will 
take 2 acres per month er sheep and about 6 times that 
for horses and cattle. 4his is at the rate of 13 head of 
cattle per square mile for the grazing season of 4 months. 
The ranfall in this region varies from nearly 30 inches 
close to the Utah border to less than 10 inches toward the 
ed e of the Red Desert. 

fn all of this dorthern re ‘on some feeding must be done, 

On the open ran e in central Wyoming when the 

slighry over 15 inches a fair grazing average is 15 acres 
to the shee , 40 acres to the cow, and 50 acres to the horse. 
Averages Prom a considerable number of rep0rt.s from 
Werent sections of the State give the following grazing 
values: Where the average annual reripitatmion is less 

The Shoshone National B orest covers 1,609,000 acres, 

precipitation is 20 to 25 inches. The ?El  ayden Forest, 

aheep in this 9 orest use the Routt National Forest in Colo- 

L 

eepecially of sheep, when t f? e grodnd is covered with snow. 

aver e annual rain B all is from slightly less than 10 to 

than 15 inches the average grazing o P cattle is 19 to the 

square mile; where the precipitation is between 15 and 20 
inches, 39 head, and where oyer 20 inches, 52 head. 

It is stated that t e ranges in Montana will support 
more stock during t k e winter than those considerably 
farther south. One writer states that the, local ranges 
will support a sheep in winter on 5 acres over con- 
siderable areas. This will mean from 16 to 30 head of 
cattle per square mile where the rainfall is from 15 to 20 
inches. 

A high rolling range on the Lewis and Clark National 
Forest in Montana sup orted 1 cow to every 7.37 surface 

of 100 days. The annual rainfall in this region is close 
to 25 inches and the grazing rate is S7 per section for 100 
clays. 

The Stabe of Idaho has a wide difference in the avera e 

southw&,t to over 30 inches in the western niountaiii 
slopes. The seasonal precipitation is also quite variable : 
the summer ha.s the least of the four seasons. 

Because of this and the further fact that very complete 
information has been obtained by the section director of 
the Weather Bureau at Boise, Idaho, the data for the 
different National Forests in that State will be given a 
good deal in detail. 

Boise National Forest’Range : Average annual precipi- 
tat,ion, 7 stations, 35.3 inches : elevation of reporting 
stations, 3,300 to 5,500 feet; carrying capacity per square 
mile, If3 cattle, 300 to 225 sheep, Spril 1 to October 15; 
low range, June 1 to October 15; high range, June 15 to 
October 15. Range completely stocked with 136.000 
sheep and 5,000 cattle. 

Caribou National Forest: Precipitation, 3 statiow, 
14.S inches; clevation, 5,200 to 6,300 feet; carrying 
capacity, 30 cattle and 260 sheep. Notes by forest 
supervisor: “A considerable part of this range is used by 
sheep and cattle in common. Taking the total forest as 
a whole and cbnsidering all stock handled under ermit, 

Challis National Forest : Annual precipitation, 3. sta- 
tions, 14.7 inches; elek-ation of stations, 5,300 to Q,200 
feet; season about 6 months; grazing ca acity, cattle 12 
per square mile: sheep, no data. Note \ y forest super- 
visor: “In making an estiniafe of this kind, large bodies 
of land must necessarily be inclucled which are incapable 
of supporting any class of stock. This includes ru ged 
country thnt is too rough for use by domestic stoc! as 
well as large are,as of dense timberland which supports 
absolutely no fofage of any value.” 

Clearwater Forest: Annual precipitation, 1 station, 
48.7 inches; elevation, 3,735 feet; carrying capacity, 20 
cattle and horses, June 1 to October 31; 200 sheep and 
goats, June 15 to October 31. Note by forest supervisor: 
“Owing to timbered conditions this forest is not considered 
a grazing forest, and can never be developed as such. In 
ordinary range management it is found that, hones require 
about 25 per cent more range spaee during a given period 
than is pequired by catt-le, on account of the fact that they 
are more readily disturbed, travel greater distances and 
at  greeter s eecl. However. thev re< uire but, little more 
forage. A \and of dry sheep (ewes\ will not consume 
as much forage as a band of ewes with.lambs.” 

Coeur D’Alene Forest: Precipitation, 5 stations, 39.9 
inches: elevation of stations, 3,157 to 4,OS2 feet; carrying 
ca acitv, 80 cattle, 6 months: 160 shkep, 4 months. 
“#he National Forestas north of the Salmon River are 
principally important for timber produc.tion and not 
more than 25 per cent! of them have any value for grazing. 

acres, furnishing 2.65 P orage acres per cow for a period 

annual precipitnt,ion, from less than 10 inches in t a e 

each square mile is su portin5 approsimately 20 K ead of 
cattle and 260 head o H sheep. 
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There is, however, in the aggregate a large acreage of land 
suitable for shee grazing and a considerably smaller 

the National Forestss is found mostly iii meadows aloii 

areas is comparatively high.” 
Idaho Forest: Precipitation, 5 stations, 34.6 inches; 

elevation of stations, 2,200 to 5.025 feet: carrying capacity 
19 cattle (season not givm), 100 sheeg from July 1 to 
September 30. “A great portion of t is forest, is reray 
steep and rocky, so that cattle and horses can not use it,. 
There are a few tracts on which cattle and horses graze, 
and these sup ort about 3,000 head, or 40 head to t,he 
s uare mile. %he forest ia heavily timbered, at, a high 
a ? titude, and htw many. prominent rocks and ledges 
which tend to make .the growth o€ forage plants less 
abundant.” 

Lemhi Forest: Precipitation, 6 stations, 9.7 inches: 
elevation of stations, 4,040 ,to 7,150 feet; carrying ca- 
pacity, 60 to 70 cattle and horses, July 1 to October 31: 
375 sheep (counting lambs), July 1 to September 30. 
“Ranges outside the forest generally have a considerably 
lower carrying capacity. Stockmen locally usually esti- 
mate that a 640-acre homestead will support about 40 or 
45 head of cattle and horses. It will support five nr sis 
times as many sheep.” 

Minidoka Forest: Preci itation, 6 stations, 11.0 inches; 

and horses, May 1 to October 31: 250 shee , June to 
October 31. “where mised grszing, that is, h i  sheep 
and cattle, there is .increased carrying capacitF herniisr! 
of tlie fact that there are certain forage plants more siiit.- 
able to one class of stock than to others, and where b ~ ~ t l i  
kinds of stock are gazed on the same area it, tends to n 
more full utilization of the forage crop.” 

Nexperce Forest: Precipitation, 5 stations, 36.1) iilchrs: 
elevation. 1,397 tao 4,000 feet; carrying cn ncitp, SO 

similar to those on the Cmir d’Alene range. 
Pnyettc! Forest: Precipitation, 4 stations, 34.5 inches; 

elevation, 3,300 to 5,200 feet; carryin capac.ity, 25 

There are many factors-altitude, soil, precipitation, 
exposure, and drainage-which cause a vanation of for- 
age plants, th& growth and density, even upon limited 
areas. By far the greater portion of the Payette Forest 
is timbered brush land, ap roximately 90 er cent of it 

graziw land. 
Pen3 Oreille Forest: Precipitantion, 3 stations. 2Y.S 

inches; elevation, 1,665 to 3,350 feet; ‘carrying capatcity, 
64 to SO cattle, 3 to 43 months: I00 to I60 sheep, 3 to 

in this forest is in it.s infancy, 4-j months. 
although we are just a out stocked. Consiclerable cat,tle 
range is on mountain meadows, and in such localities 
the carrying capacity is somewhat greater than indicated 
by the figures above, which represent average conditions 
for the eiitire range.” 

St. doe Forest: Precipitatioii? 6 stations, .11 .O inches; 
elevation, 2,155 to 3.,7:35.feet; c.arrying capacity, S t,c) 10 
cattle, May 1 to September 30; 135 to 160 sheep, June 
1 to September 30. “The above figures are based upon 
the fact that there are areas within the boundaries of 
various stock allotments which art? unsuited for grazing 
purposes of any kind. Northern Idaho is not normally 
a grazing country, and were we to consider the carrying 
capacity of all mountain and timber lands in northern 
Idaho the number of acres necessary to support either 

amount suitable P or cattle grazing. The cattle range on 

the various streams, aiid the carrying capacity of suc E 

elevation, 4,550 to 7,600 P eet; carrying capacity, 50 catkle 

cattle, 6 months; 160 sheep, 4 montlis. Con R itions are 

cattle, 6 months; 100 ewes with hm % s, 4 months. 

being classed as forest. f t is all classe c r  as summer 

‘ ‘ Grazili% 

sheep or cattle would be much greater than the figures 
shown above.” 

Salmon Forest: Precipitation, 3 stations, 9.5 inches; 
elevation, 4,040 to 5!300 feet; carrying capacity, 14 
cattle and horses (se&son not given); 75 sheep for 5 
months. “Miich of the grazing land in this forest will 
not carry more than 53 sheep or 9 head of cattle or 
horses per square mile during a season of 5 months. 
But we have many small areas that will easily carry 

square mile for the same season. From the best in per or- 
200 head of sheep or 40 head of cattle or horses 

mation available we estimate that the average for the 
forest is approsimately 75 sheep or 14 cattle and horses 
per square mile.” 

Sawtooth Forest: Precipitation, 5 stations, 18.8 inches; 
elevation, 5,347 to 6,300 feet: carrying capacity, 60 cattle, 
330 sheep, June 1 t o  September 30. the open 
forest range 3 acres is necessary to support a sheep and 
from S to 10 acres for a cow. This means the entire 
ran e, including waste land and timbered areas contain- 

class stand of forage probably one and a half acres 
woiild be sufficient to support a sheep.” 

Selway Forest: Precipitation, 3 stations, 31.8 inches; 
elevation, 1,397 to 4,000 feet: carrying capacity, 60 cattle 
ant1 horses, 300 sheep and goats, summer range. “Horses 
and cat,tle deniand a different class of range from sheep 
and goats, tlie former referring a strictly grass range, 

’ Tnrghee Forest: Preci itation. 5 stations, 21.1 inches; 

mcl horses, 300  sheep, Mtty 1 to dct3,er 3). “Capacity 
varies g:e:itly. Some grazing uiii ts will support. 125 headof 
cntt,le to t,he square mile for a G-month period, while there 
are sections that will not sup ort more than 25 head, due 

s u  orts hub little forage and is classed as wasterange.” 
weiser Forest: Precipitation, 7 stations,’ 22.6 inches; 

elevation, 2,200 to 5,025 feet; carrying capacity, 20 cattle 
and horsed? $0 to 90 sheep. Grazing season, low range 
(cattle and sheep!, March 1 to December 15; high range 
(sheep), April 1 to November 30. “On the Weiser 
Forest there is more waste land and land with lower 
fora e value within the sheep range than within the 

This is not ood range for the dry summer monthe. 

should be on higher green feed. ” 
Averaging all t,he above forest areas in Idaho with 

an average annual precipitation less than 15 inches, we 
find that the carrying capacity is 33 head of cattle and 
horses and 240 sheep and goats for each square mile. 

The forests where the average precipitation is between 
15 aiicl55 inches, the carrying capacity averages 37 cattle 
and horses and 178 sheep and oats. Where the pre- 

nnd horses ant1 158 sheep aiid goats per square mile. 
In those forests where the average precipitation is be- 
tween 15 ant1 25 inches, the summer rainfall is relatively 
considerably less than during the other seasons as com- 
ptired with the other meas. 

If grouped by tlie carrying capacity of the forest 
areas, however, we find that the eight forest ranges 
grazing a.n average of 16 head of cattle and horses and 
149 sheep and goats have an averrtge anndal precipitation 
of ‘35.2 inches, while nine areas which graze an average of 
61 cattle and horses and 334 shee and goats receive &o 

ing 9; )ut little feed. On open country producing a first- 

while sheep prefer wee K s. and goats, brush. ” 

elnvtttlon, 5.100 bo 6.440 P eeb; carr -in capacity, 60 cattle 

to the fact that considerable P and throughout the forest 

catt P e and horse range. “his accounts for the low ratio. 

From the mi d dle of June to the last of September stock 

cipitation is over 25 inches, the B orests average 43 cattle 

average nnnual precipitation of o Is y 22.8 iaches, 
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Apparently, .then, there is little, or no, relation he- 

tween the grazing capacity of the forest ranges in Idaho 
and the annual, or even the seasonal redpitation. 

I n  the State of Washington, we{-cleared and pro- 
ductive land is too valu?l)le to he used for gritzing.. In  
the grazing districts, the carrying capacity varies widel)- 
in different localities, depending upon the tempernture, 
rainfall, topography, etc. 

On the open range in Benton County in the cen td -  
southern part of the Stixte, where the average aiiiiual 
precipitation is only S to 13 inches, it  is estimated that 

/ , lo  horses or 14 to 16 cattle per sc  nare mile c.an be carried 

On the open range in the Takimit and Wenatchee 
districts in south-central Wnshington, where the annui1l 
precipitation is from ahout 11 inches (Pakinin district) 
.to about 16 inches (Wenatchee region) it is estimrttecl 
that a section will carry from 10 to 12 cattle, or 100 
shee during the grazing season of 7 months. On very 
goo c f  range in that vicinity, 135 sheep, or 13 to 1.5 c.nt.tle 
can be run. 

The conditions vary so widely in the di~ferciit, fimst 
reserves and even in different parts of the same reserve 
in this State, that much clepends upon bsperienre n .1~1 
judgment of the men in char e. 

precipitation averages 17 to 32 inches at, the lower 
altitudes, they calculate 40 acres for one horse, or 3fl 
acres for one head of c.stt,le for the season from May to 
November, inclusive. This is at  the rate of 21 cat.tle t,o 
the square mile. Sheep need about 5 acres per head 
for 4 months. ' 

In  the Wehatchee Fore t! where the preiiipitat.ion is 
14 to 18 inches st, the lower dtitudes, it, is estinirtfetl 
that a section fiilly coveyed with edible veget,irtion 
would graze 200 sheep, or 80 to 25 cattle for t.he griming 
season of 4 months. But as no such estensive : ires are 
found, the stock dlowed varies froni 5 to 35 iicres per 
sheep and 25 to 70 for 1 head of cait,tie. 

A :.?ugh estimate for the Wcnnh;~. Foivst, w h e x  til(! 
precipit!i.tion is 35 i n c h ,  ti. aoction will support, 1 13 slieop 
or 28 catkle, or 23 1io;scs fo:. t h c r  g;.:t;r.ing ai!:ison of 110i'- 
mally 7 nioliths for cnttln : l . d  Iioi'RCs u . 1 ~ 1  4 IliolitJtS fo l .  
shee . 

Tlo Chelan Forest is very rugged, and while there w c !  
places where 1 acre would graze a sheep, thecc is no feed 
in the larger part of the reserve. A conservative figure 
for the good ranse is 10 awes for 1 head of cattle or 7 or 
8 shnep. The rainfall fo.: the lower altitucles is 13 to 35 
inches. 

In the Puget Sound country, whore the averege aiinun.1 
precipitation is 35 to 45 inches, the best subin.igatod 
clearnd bottom land propedy cared for will inniiitaiii itt 
least 1 cow per acre, thus surpassing the condition in 
the bluegrass country in Kentucky with tin equi\w.lont 
rainfall. 

The seasonal distibution of the rninfsll seenis to bc of 
more importance in Cdifoniin than the average annual 
fall in considering the relation to grazing. In  one section 
of the Santa Barbara National Forest in sout&ern Cali- 
fornia the rainfall in 1918 mas about 21 inches, but instead 
of being well distributed through the wint,er months it did 
not come until Februaiy. It was not followed hy p o d  
spring and early summer rains ; as a result ritnges carried 
only about one-third as much stock as usutd. B littlo 
more than one-half as much rain well diet:.ibutecl would 
have given far better results. 

for the grazing season of 7 mont, I' is. 

In the Colville Forest, If eserve, where the t i r l r i~nl  

In the Cuyama Valley watershed, on the north side of 
the coast ranges, the avernge rainfnll is only about 12 
inches; but because of suinnier thunderstorms there is as 
good grazing as  on the south side, where the rainfall aver- 
n.ges 1s  to 30 inches. To produce the best grazing condi- 
tions, precipitation must occur early in the fall and then 
t i t  intervals through the winter and spring. Late spring 
raiiis incxase the foothill feed. Heavy winter snowfd 
in the higher niountn.ins increases the feed in the higher 
pn.stm.es. 

Foothill ranges in northern California carry from 33 to 
50 head of cattle per'sec.tion for the winter and spring 
setisoiis only. From Fresno south the foothill ranges on 
the east carrr from 32 to 40 head per section for the year- 
long se3son. 

In the western pQ.i.tion of the Trinity Forest, where the 
ritinfull is about 60 inches, the bette:. class of grnzinq lands 
carry from 35 to 30 head per square mile. On the east 
side? where the rninfnll averages about 42.5 inches, it 
requires from 40 to 70 acres of grazing land per head, 
which tlmounts to some 10 to 16 head per section, includ- 
ins lands of all types. In  addition to the heavy rainfa.11 
received I y  the lnnds on tlie west they am also subject to 
fog dui.ing tha.great,er part of the year. 

In gencra.1, in iiittay parts of tlie State, where the rain- 
fill1 averages from 12 to 1s inches a year, the supporting 
vnluo of the range is about 1 beef nninial to each 12 to 15 
ncres of lniicl, or at tliernteof from 43 to 53 per squme mile. 

In  centra.1 and northern Nevada about 11 head of cattle 
~ n d  2s sheep are pastured on a square mile of range 
grasses. The grazing season is from April 1 to November 
15. The nverngc! annual preci itation for the areas con- 
sitleiwl is close to 10.5 inches. $lie fivcrqe precipitation, 
mostly in the. form of snow, during the three winter 
niont,hs is about 3.50 inches. While much of tlie water 
from this siiow flows into stree.ms nnd is used for irriga- 
tion, a considerable amount furnishes moisture for grasses 
a t  lower elevations during the first part of the summer and 
n t  higher elevations during the latter part nnd in early 
fall, when ths ra,infnll is usunlly light. 

Wliiln eattlc :uid ahcep do not feed upon tho same &tis, 
:I flock of slteep is often pn.eturr.cl 011 21 range not far from 
$I range usixl for cattle. Frequtmtly one side of A. iiioun- 
til.in will be used iis 11 sheep rtinge and the other side for 
cattle. Hence the number indicated per square mile in- 
cludes both cattle and sheep. 

The period covered by stock on the winter ranges in the 
:;outlieni half of Nevada estends from about NovemGer 1 
to April 15. The nniiual precipitation on these winter 
deue;.t raxiigcs is fmii a.bout 5 to 7 inc.lies, while the stock 
gr:azed ~ e r  s c  unre mile averqes n.hou t 6 h m d  of cattle and 

In the tsbles following an attempt has h e n  niade to 
suniiiiarize the data given above into averages. We rec- 
ognize the fuct that these are applicable only in a very 
genernl wny, but! can be used in the absence of more defi- 
nite esperiniental and observationn.1 data. 
RELATION BETWEEN PRECIPRATION AND THE GRAZING CAPACITY OF 

TABLE l.-A4&onrf, Neiii bfezico, Terns, aid OklQhOnLQ, u k e  gran'ng 
niostly ~ l l  the yew. 

Cattle per 
Annual precipitation : square mile. 

0 to 5 inches. -. . . . - - -. - -. . -. - - - - - - -. . . - - . -. . . . - - -. . -. -. 0 
5 to loinches .......................................... 9 

10 to p inches. -. . . -. - -. . -. . . . - -. -. -. - -. -. . . -. . - -. . . . . . 15 
15 to LO inches.. . . . -. . . -. . . - - -. . . . - - -. . . . - -. -. . . -. - - -. -. 24 
20 to 35 inches.. ? .  ~. . . . . , . . , . . . . . . . . . . . , $,. , , , . . . . . . . . 32 

34 heac I /  of s ieep. 

RANGES. 
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TABLE 2.-In the &eat Plains Statcs north of Oklahoma, where there are 
w l l y  peFiods of w d m a b l e  length in the tintertime when grazing is 
not pos8ibl.e. 

Cattle per 
squaw m1e. 

19 
35 
76 

365 
409 

TABLE 3.-In the central a d  upper Rocky Mountuin and Paca@ Stutes, 
fiwstly summer Tangee, the perwdof gra-.ing, tnrying from 3 to 7 nmnths, 
&pending upon the location. 

Cattle p r  
.quare mile. 

5tolOjnches .......................................... 50 
28 
47 
63 
97 

The greater grazing capacitv with the lighter rainfall 
amounts in the first art of Table 3, as compared with 

On the other 
[and, the smaller capacitv with the heavier rainfalls in 
the last part of Table 3 as.compared with Table 3 seems 
to be because the regions of heaviest rainfall iri the Rocky 
Mountain States are at the hi hest elevations where the 

small as com ared with the Great Plains territory. 
The ratio g etween the number of shcep that can be 

grazed as compared to csttlo as given by different men 

Annual precipitation: 
10 to 15 inches.. ........................................ 
15 to 20 inches.. ........................................ 
30 to 25 inches. ......................................... 
35 to 30 inches.. ........................................ 
30 to 40 inches.. ........................................ 

Annual precipitation: 

10 to 15 inches. ......................................... 
15 to 20 inches.. ........................................ 
20 to 25 inches.. ........................................ 
25 to 30 inches.. ........................................ 

Table 4, is undoubted P y esplained by the shorter grazing 

country is very rough antl t a e available grazing areas 

eriod in the Rocky Mountain States. 

varied between 14 and 3 to 1. The average is 7 sheep 
to 1 heacl of cattle, and this is the ratio that was used in 
changing the number of sheep razed into terms of cattle. 

the Great Plains westward are averaged together after 
coi-recting for the eriod of grazing. That is, if the 

reportezis divided by 2. If i t  is only 4 months, the 
capacity figures are divided by 3. 

TABLE 4.-Relntion betriven the annud precipitatwn and the graz i v  
capacity of ranges from the Great Plains westtvard (not~including Cah- 
fornia,. 

Cattle grszed per 

In the following table all o 9 the available data from 

grazing eriod is on P Y 6 months, the grazing capacity as 

Annual precipitation: squaw mile. 
0 to 5inches ........................................... 0 
5tolOinches .......................................... 8 

10 to 15 inches. ......................................... 14 
15 to 30 inches.. ........................................ 20 
50 to 35 inches. ......................................... 43 
55 to 30 inches -. - . - . . - - . . - - . . - -. - _'. -. - - -. . - -. - - -. . -. . - -. 68 
Over 30 inches.. ......................................... 138 

While Table 4 may re resent the theoretical grazing 
capacity of ranges for aly-the-year grazing, it is not so 
reliable as the prece:ling tables, which show avera ea for 
ffhe actual grazing that is taking place under di s erent 
rainfall amounts and for such periods as the season will 
nllow. 

Tlie author wishes to give due credit for valuable data 
furnished by the field officials of the Weather Bureau and 
the Forest Service. 

NEW AEROLOGICAL APPARATUS.' 

By 8. P. FERQUBBON: Meteorologist. 
[Weather Bure3i1, Wmlshington, D. C., July. 1920.1 

SYNOPSIS. 

The height to which a balloon will rise depends primarily u on the 
ratio of the 1st to the weight carried. The large rubber halfions of 
either the Aasmann or Paturel type required to lift the meteorographs 
heretofore employed in aerological investigations are costly. and 
doubtless this circumstance haa limited the use of bnlloiis-sondtx 

tion of t,he methods and re uirements-of aerology has led 
k%Yk%ction of a new meteorograpI of very aim le conRt.ruCt.im. 
important parts of which can be made econiiniicnfiy in  quantity. 
The scales. particularly that of the ressure-element. are wider than 
those of other instruments of the k i n t  the various o eratione uf prepa- 
ration and readi the records have been simpliftex? and the weight 
is leas than one&rd that of the next lightest instrument that haa 
been used with bal2on+sondes. 

One or two small pilot balloons, costing but one-tenth as much a3 the 
Assmann balloons. can lift the new meteorograph, and since the pilot 
balloons are of better quality the heights attamed should he greater 
than those now possible with the larger balloons and heavy eqiiipnimt. 

'An experimental engravin nichrograph and a temperature- 
element .without pivots, suitabe for use with t.he Goddard rocket 
or in other a paratus are described in order to suggest the direction 
of further st& and experiment. 

INTRODUCTORY. 

The maximum height attainable by a balloon depends 
rimarily u on the relative density of the gas in the 

the total lift ab the ground, leakage, differences of 
thperature.  and the material of which the balloon is 
composed. The maximum height, or "ceiling", of R 
balloon of rigid materials Isilk, paper, golclheat~rr's 
skin, etc.) may be cleterniined approximately by t,hc 
degree of inflation required to raise it. from the ground. 
If it will rise when one-half, one-fourth, or one-eightit 

1 Pmsanted in large p8rt beforg t4e American lfeteor01ogical Society, WasKingtop, 
D. C., April 22, lam, 

%alloon an B that of the air, the ratio of the weight to 

~ ____-_ .. - 

full, and so on, the niasiniuni height will be where the 
atmosphere is one-half, one-fourth, or one-eighth, etc., 
as dense as it, is at  the ground. Obviously, even if it 
is made of very light material, such a balloon must be 
very large if great heights are desired; and during the 
first canipaign with haU~ w + s o ~ d e s ,  the French experi- 
men ters, considering all circumstances, placed the 

racticd limit, of tht! method at, 30,000 meters, if a 
!alloon whose capacity was 5,000 cubic nietlers were u.ed. 
Up to 1902 the capacity of the paper and silk balloons 
used by Teisserenc deI3ort and Assmann was about 500 
cubic meteig, the escess lift about 140 kilo ams, and 
the average and maximum heights attained, a T out 8,000 
and 1 S, 000 meters, respectively. 

The Assniann ex anding balloon, introduced in 1902, 

rubber balloon containing but, 6 cubic meters of hydrogen, 
the average height attained has been between 12,000 
antl 15,000 meters and the masimum 35,000, or almost 
twice the heights previously accom lished by rigid 

by Mr. Sherr-y, then of the Weather Bureau, is particu- 
larly noteworthy for the reason that trigonometric 
observations of altitude were macle at  two stations up 
to the highest point reached (33,000 meters). 

Tlie most. important advance in the direction of 
economical experimenting has been made by Mr. W. H. 
Dines, whose haro-thermograph wei hs but 48 grams 
and can be lifted b.v a small pilot bal 7 0011. Time is not 
recorded hy this instrument and progressive changes 
of condition must be (letermined from frequent ascensions. 

The heights attained by the Assmann balloons have 
been Fery variable, chiefly because of the variable 

revolutionized aero P ogic.al exploration, for, with a sealed 

balloons. The highest ascension in t R e United States, 


